1. Background {#s0005}
=============

Physical activity (PA) is a cornerstone of health at every age. Despite this, fewer than 10% of Canadians aged 6--19 years currently meet PA guidelines of 60 min or more per day of moderate-to-vigorous PA. Conversely, the same boys and girls spend up to 8 times as many hours in sedentary pursuits ([@bb0030], [@bb0235]). As PA and sedentary time track from childhood to adulthood ([@bb0220]), the current generation of low active, sedentary Canadian children are poised to become the inactive adults of tomorrow. Thus, effective strategies are needed to promote PA in children.

Children spend more than half their waking hours in school ([@bb0065]). As opportunities for PA in school have declined over time ([@bb6000]), there is a need to enhance PA opportunities outside the school day ([@bb0090]). Importantly, research suggests that to achieve a population-level impact, strategies that encourage 'incidental' activity through active living (such as active school travel (AST), e.g. walking or cycling) may be key ([@bb0180]).

AST promotes overall health ([@bb0120]) and is an invaluable source of children\'s incidental daily PA. We and others have shown that it contributes as much as 30% toward recommended daily levels of PA ([@bb0195], [@bb0250]). Children who use active travel modes to and from school tend to be more physically active compared with peers who do not ([@bb0050], [@bb0105]). Unfortunately, children of today\'s 'backseat generation' ([@bb0095]) are more frequently driven to school, and Canadian children use AST much less than 20 years ago ([@bb0080], [@bb0015]).

Many factors influence a child\'s decision to actively travel to school. Important among these are distance to school ([@bb0125]), and built and social environments ([@bb0175], [@bb0035], [@bb0255]). As studies more often focus on urban environments ([@bb0145]), less is known about children\'s AST in suburban settings. Further, we recently reported that students who live in suburbs actively travel to school less often than those who live in urban settings ([@bb0070]). Thus, investigating AST in suburban areas is merited.

The social influence of parents may also be an important part of a multi-component solution. Parents can have both positive ([@bb0110]) and negative ([@bb0185]) impacts on children\'s PA. As "gatekeepers" of children\'s travel behaviours, they govern their children\'s travel mode decision ([@bb0025], [@bb0160], [@bb0085], [@bb0155]), and their support for certain travel modes may play a significant role in how children travel to school. Support is influenced by environmental concerns about traffic volume, child safety, ability to navigate the route to school safely, and convenience ([@bb0055]). Therefore, our objective was to evaluate whether children\'s AST is associated with parental support in suburban school communities.

2. Materials and methods {#s0010}
========================

2.1. Participants and protocol {#s0015}
------------------------------

We conducted a cross-sectional study as part of the larger *Active Streets*, *Active People-Junior* (*ASAP-Jr*) study, collected in October 2015 at 5 elementary schools in Surrey, British Columbia, Canada. We invited students in grades 4--7 to participate; *n* = 341 students (11.0 ± 1.0 years old) provided written parental consent and student assent. We also invited one parent of every child (*n* = 341) to participate in the study. We excluded participants who (i) had missing child or parental survey data and (ii) lived further than 3 km from school, based on previous criterion ([@bb0040]). Children completed anthropometric and fitness measurements and questionnaires during their regular physical education class. Parental consent forms and questionnaires were sent home with the child to be completed and returned. While we encouraged parents to participate and return their surveys to the school, completing parent packages was optional. Parent packages were collected for 240/341 (73%) of *ASAP-Jr* participants. The University of British Columbia Behavioural Research Ethics Board approved the study (H12--01439).

2.2. Measures {#s0020}
-------------

### 2.2.1. Demographics {#s0025}

Parents reported their marital status, family car ownership, home address, and child\'s age and sex. We geocoded each participant\'s home address using a Geographic Information System (ArcGIS™, v10.1, ESRI®, Redlands,CA) and obtained school geofiles from the City of Surrey open data catalogue ([data.surrey.ca](http://data.surrey.ca){#ir0005}). We used the Network Analyst tool to calculate participants\' shortest route to school (in metres) along the street network and used distance to school as a continuous variable in statistical analyses.

### 2.2.2. Active school travel {#s0030}

To measure AST, children self-reported their trips to and from school with an item from a validated school travel questionnaire ([@bb0130]): "In an average week, how many days do you use the following ways to get to and from school?" Response options were "walk", "bike", "car", "school bus", "public transit", "combination", or "other". Children who reported "combination" or "other" were asked to specify their travel mode. In addition to walking and cycling, we considered "scooter", "longboard", and "skateboard" as active trips. We calculated the number of active trips to and from school per week such that a child could accumulate 0--10 active trips. For analysis we used the frequency of active trips per week (i.e., 0--10 active trips/week) and also classified participants as daily (≥ 9 active trips) or occasional/non (≤ 8 active trips) active travelers.

### 2.2.3. Parental support {#s0035}

We defined parental support for AST as verbally encouraging a child to walk or bike to school. To assess parental support, we asked parents: "How often per week do you encourage your child to (i) walk or (ii) cycle to school?" Possible responses were 0 times/week, 1--2 times/week, 3--4 times/week, and daily. For analysis we used the frequency of parental support (i.e., 0--5 times/week), and also categorized participants as receiving daily support (5 times/week) or occasional/no support (≤ 4 times/week).

### 2.2.4. Neighborhood safety {#s0040}

We assessed perceived neighborhood safety using two sections of the Neighborhood Environmental Walkability Scale for Youth (NEWS-Y) survey. These sections assess safety and walkability on a 4-point scale specifically related to (i) pedestrians and traffic (7 items), and (ii) crime (6 items). We recoded items in each section such that higher scores represent the perception of a safer and more walkable neighborhood (opposite to the scoring approach published in 2009 by Rosenberg et al.), and created an average score (continuous measure ranging from 1 to 4) for each section.

2.3. Statistical analysis {#s0045}
-------------------------

Statistical analyses were performed using STATA/MP 13.1 (StataCorp, LP, College Station, TX). We assessed sex differences in age, distance to school and perceived neighborhood safety using independent sample *t*-tests and frequency of active trips and frequency of parental support using Wilcoxon-Mann Whitney tests. We compared perceived neighborhood safety scores across schools using one-way ANOVA (Tukey post hoc tests where appropriate) and compared frequency of active trips and parental support using Kruskal Wallis tests. We used the Pearson correlation coefficient (r) to describe the bivariate association between distance to school and perceived neighborhood safety scores and Spearman\'s correlation coefficients (r~s~) to describe the association of frequency of active trips and frequency of parental support with age, distance to school, and perceived safety scores.

Due to the distribution of our data we also dichotomized frequency of active trips and parental support into 'occasional/no' and 'daily' categories. We evaluated sex differences in these categories using Chi-square tests and differences in distance to school across categories using *t*-tests. Finally, we used multivariable logistic regression to calculate the odds ratio of a participant being a daily active traveler by parental support category (daily vs. occasional/no support). We controlled for age, sex, distance to school, and perceived neighborhood safety, as these were independently associated with AST in previous studies ([@bb0125]). We evaluated model fit by examining model specification (Link test), goodness of fit (Hosmer-Lemeshow chi-square), multicollinearity (variance inflation factor) and influential data points (Pearson residual, deviance residual and Pregibon leverage). We considered *p* \< 0.05 statistically significant.

3. Results {#s0050}
==========

3.1. Descriptive characteristics {#s0055}
--------------------------------

Of eligible participants (*n* = 341), *n* = 4 children did not report travel modes, *n* = 114 parents did not report parental support frequency, *n* = 28 parents were missing neighborhood safety perceptions scores, and *n* = 16 participants lived further than 3 km from their school ([@bb0040]). Excluded participants did not significantly differ by height, weight, age or sex. There was no difference in distance to school between included and excluded participants who lived within 3.0 km (*n* = 127) of school.

Thus, our final sample size included *n* = 179 participants (11.0 ± 1.0 years old, 59% girls). The majority of parents were married (87%) and nearly all (94%) parents reported having a vehicle in their household (data not shown). More than half of included families (59%) lived within 800 m of school (data not shown). There were no sex-related differences in age or distance to school ([Table 1](#t0005){ref-type="table"}).

3.2. Active school travel {#s0060}
-------------------------

More than half of children (57%) reported daily AST; 14% of children reported no active trips. There was no association between age and AST frequency, nor were there any sex or school-related differences (data not shown). Children with more active trips lived closer to school (r~s~ = − 0.39, *p* \< 0.001) and had higher scores for parent perceived neighborhood crime safety (r~s~ = 0.19, *p* \< 0.05).

3.3. Parental support {#s0065}
---------------------

A large proportion of parents provided daily support for AST (63%) and few never encouraged AST (12%). There was no association between frequency of parental support and age (r~s~ = 0.03, *p* = 0.69) or distance to school (r~s~ = − 0.15, *p* = 0.05), nor were there any sex (*p* = 0.08) or school (*p* = 0.49) related differences. Frequency of parental support was related to parents\' perceptions of neighborhood crime safety (r~s~ = 0.15, *p* \< 0.05), but not pedestrian or traffic safety (r~s~ = 0.04, *p* = 0.57).

3.4. Neighborhood safety {#s0070}
------------------------

One quarter (27%) of parents agreed or strongly agreed that their neighborhood was safe (≥ 3) regarding pedestrian and traffic safety. When asked about crime safety, 34% of parents agreed that their neighborhood was safe. Parental perceptions of pedestrian/traffic or crime safety did not differ by sex and was not associated with distance to school. Age was significantly associated with perceived pedestrian/traffic safety (*r* = 0.23, *p* = 0.002) but not with crime safety. Perceived crime safety differed significantly between schools (F(4174) = 9.62, *p* \< 0.001); parents at two schools reported statistically significantly lower scores (22--27% lower; [Table 2](#t0010){ref-type="table"}).

3.5. Relationships between daily AST & daily parental support {#s0075}
-------------------------------------------------------------

Overall, about half of children (59% of boys and 40% of girls, 48% overall, [Table 3](#t0015){ref-type="table"}) received daily support (parent-reported) and self-reported daily AST. Only 4% reported no active trips and received no support. Small proportions of participants actively traveled daily without daily support (9%) or received daily support but did not actively travel daily (15%).

Compared with girls, boys were significantly more likely to receive daily parental support than were girls (×^2^ = 3.91, *p* \< 0.05), but were no more likely than girls to engage in daily AST (×^2^ = 3.20, *p* = 0.07). Children who used AST daily lived closer to school (mean difference (95% CI): 374 m (235, 513); as did those receiving daily parental support (mean difference (95% CI): 203 m (52, 354).

In unadjusted logistic regression, daily support was significantly associated with daily AST (OR 10.0, 95% CI 4.9, 20.2, data not shown). Daily parental support remained a significant predictor of daily AST after adjusting for age, sex, distance to school, and perceptions of pedestrian/traffic and crime safety ([Table 4](#t0020){ref-type="table"}). Regression diagnostics indicated two influential data points; thus, as a precaution, we re-ran our model without these observations. Excluding these participants did not change our findings; therefore, we present the model with all participants.

4. Discussion {#s0080}
=============

Given the proportion of Canadian children who do not currently meet PA guidelines, novel and multi-pronged solutions to promote PA are needed. We extend the literature by assessing children in a suburban environment and highlight the important role that parents play in a child\'s choice to actively travel to school, as one part of a more complex solution. Children and youth spend approximately half their waking hours in school ([@bb0065]), but opportunities for PA at school have diminished in recent years ([@bb6000]). Solutions embedded outside of school, as a routine part of the school day, are most likely to contribute effectively to children\'s PA levels.

4.1. A focus on parental support {#s0085}
--------------------------------

Children who actively travel to school have higher PA levels, on average ([@bb0100]). Our results yield one possible mechanism to explain this as we noted a significant relationship between parental support and AST, independent of other previously-supported correlates of active travel (age, sex, distance to school ([@bb0125])).

There are a complex set of factors that influence parents\' support of AST and often include confidence in a child\'s ability to navigate the route to school and route safety ([@bb0055]). However, the relationship we observed was independent of factors associated with the built environment such as parental perceptions of neighborhood traffic and crime safety. This suggests that interventions that focus solely on changes to the built environment may not be sufficient to enhance the proportion of children who use AST ([@bb0245], [@bb0150]), especially if parents do not support AST. Thus, municipal investment in supportive infrastructure around schools or along popular routes to school alone may not be enough to change school travel behaviour, but it may be an important part of a larger solution ([@bb0175]). Finally, programs that aim to increase AST may consider a focus on parental neighborhood safety perceptions and travel mode convenience, as these may mediate parental support for AST.

4.2. Potential role for schools {#s0090}
-------------------------------

Schools can play a role to facilitate AST through programs that eliminate barriers to active travel ([@bb0020]). However, only a small proportion of past school interventions effectively increased children\'s AST ([@bb5000]). Failure to engage with partners across multiple stakeholder levels, essential within socio-ecological models of health promotion ([@bb0210]), may be one important reason. Second, as many factors influence a child\'s decision to actively transport to school ([@bb0060]), a "one size fits all" solution will not work.

The Walking School Bus may provide one attractive option across a mixed Active Routes to School program (Chillón et al., 2011). In the program, parent and staff volunteers lead a group of children in active trips to school ([@bb0200], [@bb0135]). Active trips give children a chance to explore their environment and become effective navigators of the route to school, which increases parents\' confidence in the child\'s navigational ability. Further, the Walking School Bus increases adult supervision, leading to greater perceived route safety ([@bb0230], [@bb0205]). Thus, parents should be actively invited to contribute to planning AST programs with schools to include elements such as added supervision on the route. Parental involvement has potential to increase the likelihood parents will support the program and more often encourage their child to use AST.

4.3. Don\'t forget the kids {#s0095}
---------------------------

It is important to acknowledge a role for children in the decision to use AST, especially given that children may hold different perceptions of environmental safety compared with their parents ([@bb0225]). Since higher PA levels are associated with children\'s positive attitudes about PA ([@bb0190]), their perceptions of safety and attitudes about AST may also affect their motivation to walk or bike to school. Effective active travel planning initiatives in schools might therefore also address children\'s safety concerns.

4.4. Do neighborhoods matter? {#s0100}
-----------------------------

The short answer is yes, neighborhood environment matters. The propensity of literature supports that health promoting neighborhood environments in proximity to schools, homes, and routes to school may be one important part of a larger solution ([@bb0260]) to increase children\'s AST. Indeed, more walkable, pedestrian-friendly built environments support children\'s choice to use AST ([@bb0255]), although, as noted previously, this on its own may not be enough ([@bb0245], [@bb0150]).

In our study, only a small percentage of parents (about one quarter) felt that their community was safe for pedestrians and free of crime. While this result does not appear to be gendered, boys\' parents were significantly more likely to encourage their child to actively travel to school every day, which supports previous literature that reports boys tend to receive more parental support than girls regarding PA ([@bb0010]).

4.5. Future research {#s0105}
--------------------

Despite a perceived lack of safety, a significant proportion of parents provided daily support for their child to actively travel to school. Future studies might use qualitative methods to better understand why parents support children\'s AST, safety concerns notwithstanding. A purposely designed randomized controlled trial that investigates the role of parental support in a larger sample of boys and girls is needed to further clarify the role of parents and the gendered nature of AST and to more clearly identify solutions related to AST. Finally, a more in depth look at how objective measures of walkability and neighborhood safety, such as WalkScore® or reported crime rates, influence AST is warranted.

4.6. Strengths and limitations {#s0110}
------------------------------

One strength of our study is its suburban setting, as only 8 other studies ([@bb0005], [@bb0020], [@bb0045], [@bb0115], [@bb0140], [@bb0165], [@bb0215], [@bb0240]) investigated children\'s AST in this setting. Other strengths include our use of validated questionnaires about school travel mode frequency ([@bb0130]) and parental perceptions of neighborhood safety ([@bb0170]). Further, we controlled for previously-supported determinants of AST that included distance, age, and sex ([@bb0070], [@bb0125]). Finally, we assessed distance to school objectively using the ArcGIS program.

We acknowledge that our study has a number of limitations. First, while 75% of parents returned the survey, 42% were incomplete. Thus, a large portion of eligible participants were excluded which is most likely due to the voluntary nature of completing the parent packages. Second, the study\'s cross sectional design limits our ability to interpret our results as causal. Third, most participants included in the sample were daily active travelers, significantly higher than national averages reported for the same-aged children in Canada ([@bb0075]). Many also received daily parental support for AST, which may limit the generalizability of our results. Fourth, frequency distributions among the categorical variables limited our statistical approach. Thus, there was considerable diversity in frequency of AST and parental support in the occasional/no categories. The high levels of parental support may be due in part to how we defined parental support (verbally encouraging a child to walk or bike to school). While it assumes that other options such as driving to school or taking public transit are accessible and available, support could also take the form of a parent being unwilling or unable to drive their child to school. This exemplifies the strength of a parent\'s influence on their child\'s travel mode and reinforces parents\' position as gatekeepers to AST. In this way, one might expect a strong relationship between parental support and AST in elementary school children. Importantly, however, not all parental support for AST resulted in a child actively traveling to school.

The higher proportions of AST and parental support in this study were likely due to sampling children within 3 km of schools, whereas previous estimates were not restricted to children living within a certain distance ([@bb0175]). Finally, both the number of active trips and frequency of support were self-reported by children and parents, respectively. We have previously used accelerometry and GPS data to better assess children\'s travel to and from school ([@bb0070]) -- more studies that combine these kinds of objective measures would enhance the current literature of children\'s AST.

5. Conclusion {#s0115}
=============

Based on our findings, interventions that aim to increase AST should involve parents and children in the planning process, and address concerns about neighborhood safety. While focusing only on changes to the built environment is likely insufficient to increase AST, the wide range of factors that influence whether children choose AST requires further research. Effective approaches that encourage AST as a routine part of a child\'s school day are worth pursuing. These incremental amounts of PA have potential to make an important contribution to recommended levels of daily PA and ultimately, child\'s health.
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###### 

Means and standard deviations for continuous variables, and frequencies (percentages) for categorical variables.

Table 1

  -----------------------------------------------------------------------------------------------------------------------------------------------------
                                                             Girls (*n* = 105)   Boys (*n* = 74)   Total (*n* = 179)[a](#tf0005){ref-type="table-fn"}
  ---------------------------------------------------------- ------------------- ----------------- ----------------------------------------------------
  Age (mean years ± SD)                                      11.1 ± 1.0          10.8 ± 1.1        11.0 ± 1.0

  Distance to school (mean distance in m ± SD)               747 ± 468           800 ± 508         783 ± 502 

  Parents\' perceived pedestrian and traffic safety score\   2.68 ± 0.52         2.59 ± 0.46       2.64 ± 0.50
  (Mean score ± SD, scale 1--4; 4 = safest)                                                        

  Parents\' perceived crime safety score\                    2.46 ± 0.75         2.65 ± 0.73       2.54 ± 0.74
  (Mean score ± SD, scale 1--4; 4 = safest)                                                        

                                                                                                   

  Frequency of parental support for AST                                                            

  0 ×/week                                                   13 (13%)            9 (12%)           22 (12%)

  1--2 ×/week                                                18 (17%)            6 (8%)            24 (14%)

  3--4 ×/week                                                14 (13%)            6 (8%)            20 (11%)

  5 ×/week                                                   60 (57%)            53 (72%)          113 (63%)

                                                                                                   

  Active trips                                                                                     

  0 trips                                                    13 (13%)            12 (16%)          25 (14%)

  1 trip                                                     0                   1 (1%)            1 (1%)

  2 trips                                                    5 (5%)              0                 5 (3%)

  3 trips                                                    3 (3%)              1 (1%)            4 (2%)

  4 trips                                                    3 (3%)              1 (1%)            4 (2%)

  5 trips                                                    14 (13%)            3 (4%)            17 (10%)

  6 trips                                                    4 (4%)              3 (4%)            7 (4%)

  7 trips                                                    4 (4%)              1 (1%)            5 (3%)

  8 trips                                                    5 (5%)              4 (5%)            9 (%)

  9 trips                                                    5 (5%)              0                 5 (3%)

  10 trips                                                   49 (47%)            48 (65%)          97 (54%)
  -----------------------------------------------------------------------------------------------------------------------------------------------------

There were no significant differences between girls and boys for any continuous (age, distance, pedestrian safety, crime safety) or categorical (distance category, frequency of parental support, and active trip frequency) variables.

###### 

Parental scores of perceived neighborhood safety and walkability (mean score ± SD), separated by school. Safety and walkability were scored on a scale of 1 to 4, in which 4 was the most safe and walkable.

Table 2

                                  School A (*n* = 41)   School B (*n* = 32)                          School C (*n* = 27)   School D (*n* = 30)   School E (*n* = 49)
  ------------------------------- --------------------- -------------------------------------------- --------------------- --------------------- ---------------------
  Pedestrian and traffic safety   2.7 ± 0.5             2.5 ± 0.5                                    2.7 ± 0.6             2.5 ± 0.5             2.7 ± 0.5
  Crime safety                    2.8 ± 0.7             2.1 ± 0.7[⁎](#tf0010){ref-type="table-fn"}   2.8 ± 0.8             2.2 ± 0.6\*           2.7 ± 0.7

There was a statistically significant difference between schools for crime safety as determined by one-way ANOVA (F(4,174) = 9.62, *p* \< 0.001). Scores were significantly lower for schools B and D compared with schools A, C and E. No differences were observed between schools for pedestrian and traffic safety.

###### 

Number of participants who fall under each active travel category (daily vs. occasional/no active travel) combined with parental support category (daily vs. occasional/no support).

Table 3

                                       Daily parental support[⁎](#tf0015){ref-type="table-fn"}   Occasional or no support
  ------------------------------------ --------------------------------------------------------- --------------------------
  Daily active school travel                                                                     
  Girls                                42 (40%)                                                  12 (11%)
  Boys                                 44 (60%)                                                  4 (5%)
  Total                                86 (48%)                                                  16 (9%)
                                                                                                 
  Occasional/no active school travel                                                             
  Girls                                18 (17%)                                                  33 (32%)
  Boys                                 9 (12%)                                                   17 (23%)
  Total                                27 (15%)                                                  50 (28%)

Parental support category significantly differed by sex (×^2^ = 3.91, *p* \< 0.05); boys were more likely to receive daily support than were girls.

###### 

Adjusted odds ratios for daily active school travel (AST; ≥ 9 active trips) versus occasional or no AST (≤ 8 active trips) as a result of daily parental support, while controlling for other correlates of AST.

Table 4

  ---------------------------------------------------------------------------------------
  Measure                                               Odds ratio (95% CI)   *p*-value
  ----------------------------------------------------- --------------------- -----------
  Parental support\                                     9.0 (4.2, 19.7)       \< 0.001
  (Reference: Occasional/no support)                                          

  Parental traffic and pedestrian safety perceptions\   1\. 5 (0.6, 3.3)      0.37
  (Continuous scale 1.0--4.0, higher = safer)                                 

  Parental crime safety perceptions\                    1.3 (0.7, 2.2)        0.40
  (Continuous scale 1.0--4.0, higher = safer)                                 

  Distance to school\                                   1.0 (1.0, 1.0)        \< 0.001
  (Continuous scale)                                                          

  Sex\                                                  1.6 (0.7, 3.4)        0.27
  (Reference: girls)                                                          

  Age\                                                  1.1 (0.8, 1.6)        0.62
  (Continuous scale)                                                          

  Constant                                              0.1 (0.0, 6.5)        0.27
  ---------------------------------------------------------------------------------------
